This paper compares rates of charge transport by tunneling across junctions with the structures Ag TS X(CH 2 ) 2n CH 3 //Ga 2 O 3 /EGaIn (n = 1 -8 and X = -SCH 2 -and -O 2 C-); here Ag TS was template-stripped silver, and EGaIn is the eutectic alloy of gallium and indium. Its objective was to compare the tunneling decay coefficient (β, Å -1 ) and the injection current (J 0 , A/cm 2 ) of the junctions comprising SAMs of n-alkanethiolates and n-alkanoates. 
Studies of charge tunneling through self-assembled monolayer (SAM)-based junctions have
focused predominately on the influence of backbone substituents [1] [2] [3] [4] or terminal functional groups [5] [6] [7] [8] on rates of charge transport. The effect of changing the group (which we call the "anchoring group") that links the SAM to the metal substrate has not been explored in detail; 9, 10 only a few studies have approached this issue at the single-molecular level using scanning tunneling microscopy [11] [12] [13] [14] or conducting atomic force microscopy. 15 
hypothetical system consisting only of the top and bottom electrodes, and the metal-SAM interfaces. 24 Values of β characterize tunneling junctions having a range of alkyl structures are similar; values of J 0 vary among different types of junctions, for reasons that are at least partially understood. 19 In an electrode-SAM-electrode junction, charge crosses a tunneling barrier whose energetic topography is not exactly known, but which describes the space (including the SAM, the interfaces between the SAMs and the electrodes, and any surface films on the electrodes) between the two metallic junctions. In principle, one approach to manipulating the shape of the tunneling barrier, and thus to influencing the rate of charge transport, is to introduce functional groups into the structure of the SAM that are capable of influencing this topography, and thus the rate or mechanism of charge transport. [25] [26] [27] [28] [29] Using Ga 2 O 3 /EGaIn top-electrodes, however, we found previously that the tunneling current is insensitive to the incorporation of several functional groups familiar in organic chemistry 4, 8 (e.g., an amide, -CONH-or -NHCO-) in the backbone of the molecules in the SAM, or a variety of functional groups (both aliphatic and aromatic) that are not electrochemically active at the terminus of the SAM ostensibly in contact with the Ga 2 O 3 film. bidentate ionic binding coordination of the carboxylate to the surface. [30] [31] [32] [33] Previous reports 31, 33 showed that the carboxylate moiety coordinates through ionic interactions with the surface of the Ag, and a native oxide of Ag possibly (or in our view probably) exists at the interface between the metal and the carboxylate. SAMs of n-alkanethiolates on Ag(111) have a (√7 X √7)R10.9 o cell with 4.4 Å nearest neighbor spacing. 34 The structure of n-alkanoate SAMs on Ag is comparable to that of n-alkanethiolates; the tilt angle of the alkyl chains is 15 -25 o (from the surface normal), and they form a p(2x2) overlayer with a lattice spacing of 5.8 Å, indicating a densely packed monolayer, 34, 36 as summarized in Table S1 (see the supplementary information).
Results and discussion
Preparation of SAMs. We prepared SAMs with commercially available n-alkanoic acids, CH 3 (CH 2 ) 2n CO 2 H where n = 1 -8 (i.e., the number of methylene groups). The preparation of n- Table 1) . Values of σ log ranged from 0.1 to 0.5; these values are similar to those observed in the junctions of n-alkanethiolate SAMs. 36 As expected from the simplified Simmons equation, the rate of charge transport across junctions containing SAMs of n-alkanoates followed an exponential decrease with increasing length of the n-alkyl groups (n=1 to 8 for CH 3 (CH 2 ) 2n CO 2 ). Figure 1c shows a plot of log|J| versus calculated length (Å) which includes the length of terminal H-C bond but excludes the length of Ag-O bond, which we considered to be a part of the Ag Comparisons of J(V) data from n-alkanoate and n-alkanethiolate 36 SAMs on Ag (Table 1) indicate that these junctions have a statistically indistinguishable tunneling decay coefficient (β = al. 42 reported that the current through molecules with an Au-amine junction is larger by a factor of 10 than that with an Au-thiolate linkage, and attributed this observation to the difference of the electronic interactions between the gold and the anchoring group. Our findings, however, indicate that replacing AgSCH 2 -R with AgO 2 C-R (a large change in the structure of the bottom metal-SAM interface) has no significant influence on the rates of charge transport across nalkyl-based SAMs.
Junctions comprising SAMs of aromatics. Tao and coworkers reported the formation and characterization of SAMs of biphenyl-4-carboxylic acid 43 and p-terphenyl-4-carboxylic acid 33 on
Ag. Their report showed that the oligo(phenylene)carboxylate binds perpendicularly (from the surface normal) through a symmetric ionic coordination to the surface of Ag. 43 We incorporated SAMs of oligo(phenylene)carboxylic acids into junctions of the structure Ag TS O 2 C(C 6 H 4 ) n H//Ga 2 O 3 /EGaIn (n = 1 -3) and characterized rates of charge transport across them ( Figure 3a ; Table 2 ). Figure 4 shows the histograms of log|J| at -0.5 V and relative
Gaussian fittings for benzoic acid, biphenyl-4-carboxylic acid, and p-terphenyl-4-carboxylic acid.
We found a narrow distribution of current density with a small range of σ log (0. 
